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Field of Invention 

[0001] The present invention relates to a capacitor digital-to-analog converter (CDAC) for 

use in integrated circuits. More particularly, the present invention relates to a method and 
circuit for gain and/or offset correction in a CDAC circuit. 



Background of the Invention 
[0002] The demand for more reliable analog-to-digital converters (ADCs), digital-to-analog 

converters (DACs), and related components for use in communication, data acquisition, and 
battery-operated applications continues to increase. As a result, integrated circuit 
manufacturers are requiring for such converters and devices to continue to improve their 
operating performance to meet the design requirements of a myriad of emerging 
applications. 

[0003] Capacitor digital-to-analog converters (CDACs) are used frequently in high precision 

analog-to-digital converter applications. Over the years, many efforts have focused on 
improvements to the linearity of such CDAC devices. For example, many new techniques 
have been developed to facilitate the trimming of capacitor values of capacitors C to C/2 N " ! 
within the CDAC to improve linearity. Many applications adjust each capacitor such that 
the relationship between any two successive capacitors within the array is maintained within 
a fraction of a least significant bit (LSB) of accuracy, thus maintaining linearity. 

[0004] Unfortunately, current designs and techniques have generally refrained from 

addressing gain and offset problems and instead have simply accepted the levels of precision 
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that could be obtained. In some instances, empirical adjustments have been made to the 
CDAC to improve offset, such as by changing the physical size of pedestal switches to 
address charge injections and other non-ideal characteristics that can make offset 
unpredictable. However, such empirical techniques require layout changes and only 
improve offset to a level that is minimally acceptable, and most importantly do not address 
gain errors. Accordingly, previous design requirements have demanded less restrictive gain 
and offset specifications, and focused more on linearity complications. 
[0005] The range of a CDAC circuit is defined by the smallest value of the input signal that 

produces a meaningful output signal from the CDAC up to the largest input signal that will 
produce a meaningful output signal. While linearity is determined by the binary relationship 
between any two successive capacitors, the range of the CDAC circuit is determined by the 
amount of capacitance that is sampled versus the total amount of capacitance in the entire 
CDAC circuit. For example, with reference to Figure 1, an exemplary CDAC circuit 100 
having a capacitor array of 16 bits, e.g., capacitors C to C/2 15 and sample switches S 0 -Si 5j 
can be configured to enable sampling of sampling voltage V S ample on all 16 capacitors, C to 
C/2 15 . In addition, to facilitate sampling of CDAC circuit 100, a pedestal switch S P can 
couple capacitors C to C/2 15 to a known pedestal voltage V PE destal> with the amount of 
sampled voltage Vsample equal to a positive sample voltage V PO sitive less pedestal voltage 
Vpedestal, i.e., Vpositive - Vpedestal- CDAC circuit 100 provides a total capacitance weight 
of 2C due to the binary weighting, with the range equaling approximately a reference voltage 
Vref- With reference to Figure 2, an exemplary CDAC circuit 200 having 16 bits can also 
be configured to enable sampling of sampling voltage Vsample only on first capacitor C, 
with the range equaling approximately two times reference voltage V RE f, or sampling of 
sampling voltage Vsample only on second capacitor C/2, with the range equaling 
approximately four times reference voltage Vref- 
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In both CDAC circuits 100 and 200, while the range can be configured through a 
mask change by choosing the particular capacitor to sample on in such a weight as to adjust 
the range, such CDAC circuits do not allow for correction of gain errors nor offset errors on 
an individual part basis. Furthermore, in applications in which it is desirable for CDAC 
circuits to be compatible with older converter circuits, the ability to ideally match process 
variations, such as the effects caused by input resistor networks that scale the input range, 
absolutely requires the CDAC circuits to have the ability to correct for the gain and offset. 
Unfortunately, present CDAC circuits are incapable of such correction techniques. 

Summary of the Invention 

In accordance with various aspects of the present invention, a method and circuit for 
gain and/or offset correction in a CDAC circuit are provided. In accordance with one aspect 
of the present invention, the gain and/or offset correction can be realized by adjusting the 
sampling capacitance of a capacitor array, with a positive array of the CDAC circuit being 
trimmed for gain correction, and a negative array of the CDAC circuit being trimmed for 
offset correction. Accordingly, corrections to variations in gain and/or offset caused by 
process variations can be suitably addressed. 

In accordance with an exemplary embodiment, to facilitate gain correction, an 
exemplary CDAC circuit comprising an N-bit capacitor array includes on the positive side of 
the capacitor array an additional capacitor configured to capture the sampling voltage. The 
additional capacitor can be coupled between a sampling voltage and ground to suitably 
increase an amount of charge sampled, thus decreasing the value of an input signal necessary 
to achieve full charge levels. In other words, the additional capacitor can suitably reduce the 
positive full-scale voltage necessary to achieve the full-scale digital code, thus changing the 
high end of the range to less than the reference voltage. 



3 



TI-35905 



EXPRESS MAIL NO, EV325938879US 

[0009] In accordance with an exemplary embodiment, an exemplary CDAC circuit can also 

be configured to have one or more capacitors shifted out of the total capacitance of the 
capacitor array, and thus reduce the amount of charge stored during sampling. Thus, after 
reducing the range to less than the reference voltage through sampling with the additional 
capacitor, the CDAC circuit can also be configured to incrementally increase the range back 
to the reference voltage. In other words, through connecting the additional capacitor to 
ground during conversion, and with and without sampling on all capacitors of the capacitor 
array, the positive full-scale range can be adjusted. Further, increasing and decreasing the 
range to a desired level can adjust the gain of the CDAC circuit to correct for gain errors. 

[0010] In accordance with an exemplary embodiment, to facilitate offset correction, an 

exemplary CDAC circuit comprises a negative side having a capacitor array, wherein the 
CDAC circuit is configured to provide a desired amount of offset voltage through sampling 
of some of the capacitance in the negative side to a reference voltage, and sampling a 
remainder of the capacitance in the negative side to ground. The overall CDAC circuit will 
suitably converge to a desired offset voltage as determined by the amount of capacitance that 
samples the reference voltage. Thus, rather than simply converging to a fixed offset voltage, 
the overall CDAC circuit will suitably converge to a particular offset voltage as determined 
by the negative side capacitor array. As a result, by implementing a desired offset voltage 
into the CDAC circuit, any offset errors due to process variations, layout parasitic 
characteristics or charge injections can be suitably corrected on a part-by-part basis. 

Brief Description of the Drawings 
[0011] A more complete understanding of the present invention may be derived by referring 

to the detailed description and claims when considered in connection with the Figures, where 
like reference numbers refer to similar elements throughout the Figures, and: 
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[0012] Figure 1 illustrates a schematic diagram of a prior art CDAC circuit configured for 

sampling of all capacitors in a capacitor array to adjust range; 
[0013] Figure 2 illustrates a schematic diagram of a prior art CDAC circuit configured for 

sampling of only one capacitor in a capacitor array to adjust range; 
[0014] Figure 3 illustrates a schematic diagram of a CDAC circuit for gain correction in 

accordance with an exemplary embodiment of the present invention; 
[0015] Figures 4A and B illustrate schematic diagrams of an exemplary circuit for a negative 

side of a CDAC circuit during sampling and conversion; 
[0016] Figure 5 illustrates a diagram of the convergence of the positive and negative side 

voltages of an exemplary CDAC circuit; 
[0017] Figure 6 illustrates a schematic diagram of an exemplary CDAC circuit for offset 

correction in accordance with an exemplary embodiment of the present invention; 
[0018] Figure 7 illustrates a schematic diagram of an exemplary CDAC circuit for offset 

correction in accordance with another exemplary embodiment of the present invention; 
[0019] Figures 8A and 8B illustrate a schematic diagram of an exemplary CDAC circuit for 

gain and offset correction in accordance with an exemplary embodiment of the present 

invention; 

[0020] Figures 9A and 9B illustrate a schematic diagram of an exemplary positive switch 

circuit in accordance with an exemplary embodiment of the present invention; 

[0021] Figure 10 illustrates a schematic diagram of an exemplary logic module for a positive 

switch circuit in accordance with an exemplary embodiment of the present invention; 

[0022] Figures 1 1 A and 1 IB illustrate a schematic diagram of an exemplary negative switch 

circuit in accordance with an exemplary embodiment of the present invention; 
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[0023] Figure 12 illustrates a schematic diagram of an exemplary logic module for a 

negative switch circuit in accordance with an exemplary embodiment of the present 
invention; and 

[0024] Figure 13 illustrates a schematic diagram of an exemplary ADC circuit for gain 

and/or offset correction in accordance with an exemplary embodiment of the present 
invention. 



Detailed Description of Exemplary Embodiments of the Invention 
[0025] The present invention may be described herein in terms of various functional 

components. It should be appreciated that such functional components may be realized by 
any number of hardware or structural components configured to perform the specified 
functions. For example, the present invention may employ various integrated components, 
such as buffers, current mirrors, and logic devices comprised of various electrical devices, 
e.g., resistors, transistors, capacitors, diodes and the like, whose values may be suitably 
configured for various intended purposes. In addition, the present invention may be 
practiced in any converter application. However for purposes of illustration only, exemplary 
embodiments of the present invention will be described herein in connection with CDAC 
circuits. Further, it should be noted that while various components may be suitably coupled 
or connected to other components within exemplary circuits, such connections and couplings 
can be realized by direct connection between components, or by connection through other 
components and devices located thereinbetween. 
[0026] In accordance with various aspects of the present invention, a method and circuit for 

gain and/or offset correction in a CDAC circuit are provided. In accordance with one aspect 
of the present invention, the gain and/or offset correction can be realized by adjusting the 
sampling capacitance of a capacitor array, with a positive array of the CDAC circuit being 
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trimmed for gain correction, and a negative side of the CDAC circuit being trimmed for 
offset correction. Accordingly, corrections to variations in gain and offset caused by process 
variations can be suitably addressed. 
[0027] As discussed above, various methods and circuits are available for sampling on a 

capacitor array, including sampling on all capacitors such as CDAC circuit 100, or sampling 
on fewer capacitors such as CDAC circuit 200. Thus, currently available CDAC circuits can 
make the range approximately the reference voltage V REF up to approximately two times the 
reference voltage V REF by selectively choosing to sample on fewer capacitors. 
Unfortunately, such CDAC circuits cannot make the range smaller than the reference voltage 
Vref. 

[0028] In accordance with an exemplary embodiment, to facilitate gain correction, an 

exemplary CDAC circuit comprising an N-bit capacitor array includes on the positive side of 
the capacitor array, i.e., the side configured to sample a positive input signal, an additional 
capacitor configured to capture the sampling voltage. For example, with reference to Figure 
3, an exemplary CDAC circuit 300 includes a positive array circuit comprising a 16-bit array 
of capacitors C to C/2 15 and sampling switches S0-S15. CDAC circuit 300 can comprise any 
number N of capacitors in an array, and the 16-bit array is merely for illustrative purposes. 

[0029] In addition, to facilitate sampling of CDAC circuit 300, a pedestal switch S P can 

couple capacitors C to C/2 15 to a known pedestal voltage V PEDES tal, with the amount of 
sampled voltage equal to a positive sample voltage Vpositive less pedestal voltage Vpedestal, 
i.e., the amount of voltage sampled by CDAC circuit 300 is equal to Vpositive - V PE destal- 
Pedestal voltage V PED estal can comprise ground or zero volts, thus resulting in the amount 
of voltage sampled being equal to voltage Vpositive- However, in many instances such as 
single supply voltage applications it can be advantageous to suitably configure pedestal 
voltage Vp E destal to comprise a value centered approximately between the positive and 
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negative supplies to optimize biasing of other circuit components, such as the comparator. 
As will be discussed in detail below in accordance with another exemplary embodiment, any 
error created by the non-ground pedestal voltage V PE destal can be corrected by the negative 
side of a CDAC circuit. 

[0030] In accordance with the exemplary embodiment, CDAC circuit 300 further comprises 

an additional capacitor Cdown- Additional capacitor Cdown can be coupled between 
sampling voltage Vsample and ground by switch Sdown, with additional capacitor Cdown 
being connected by switch Sdown to sampling voltage Vsample during sampling, and 
connected by switch Sdown to ground during conversion. Additional capacitor Cdown is 
suitably configured to increase an amount of charge sampled, thus decreasing the value of an 
input signal necessary to achieve full charge levels. In other words, additional capacitor 
Cdown can suitably reduce the positive full-scale voltage necessary to achieve the full-scale 
digital code by pulling charge out of CDAC circuit 300, thus changing the positive end of 
the range. As a result, the range of CDAC circuit 300 can be made smaller than the 
reference voltage V RE f, i.e., additional capacitor Cdown suitably drives the range of CDAC 
300 down to less than the reference voltage V RE f. 

[0031] The value and arrangement of additional capacitor Cdown can be configured in 

various manners to achieve the desired range, and thus level of gain. For example, for a 
reference voltage equal 2.5 volts, CDAC circuit 300 can be configured to provide an 
accurate range of 0 to 2.5 volts through a smaller value for additional capacitor Cdown to 
pull charge out, such as maybe approximately 50 LSBs of charge. The value of additional 
capacitor Cdown would be suitably selected to reduce the range to a level approximate to or 
below reference voltage Vref to suitably allow for the expected or measured gain error, e.g., 
a gain error of approximately 3mV. Thus, the value of additional capacitor Cdown can be 
suitably selected during design to provide the approximate desired range, and then the 
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precision level adjustment, e.g., in 1 LSB levels of adjustment, can be realized through 
shifting out of capacitance Cup during the testing process. 

[0032] For example, for a range of between 0.3 volts and 2.2 volts, an exemplary additional 

capacitor Cdown could be selected to be approximately 0.8 pF of capacitance. However, 
other values of capacitance for additional capacitor Cdown could be suitably selected 
depending of the desired range and gain performance levels. In addition, capacitor Cdown 
can comprise a single capacitor, or one or more capacitors in series and/or parallel. 
Accordingly, additional capacitor can comprise any value or arrangement configured to 
facilitate an increase in the amount of charge that is sampled, and thus a decrease in the 
amount of the input signal necessary to achieve full charge levels. 

[0033] In accordance with another exemplary embodiment of the present invention, to 

incrementally increase the range back to the reference voltage V RE f, CDAC circuit 300 can 
be configured to sample on less than all capacitors C to C/2 15 , making the range 
incrementally bigger based on the amount of capacitance that is not sampled, i.e., the amount 
of capacitance that is shifted out. For example, upon sampling all capacitors, the gain of 
CDAC circuit 300 can be suitably determined. If the gain is not acceptable for a desired 
application, then CDAC circuit 300 can be configured not to sample on one or more other 
capacitors. For example, capacitor C/4 can be shifted out by connecting capacitor C/4 
between a pedestal voltage V PEDES tal and ground, rather than sampling voltage V SA mple- As 
a result, the non-sampled capacitor, e.g., capacitor C/4, is shifted out of the total capacitance 
to incrementally increase the range to a desired level of gain. If still insufficient, one or 
more capacitors from C to C/2 15 , either alone or in addition to capacitor C/4, can be suitably 
shifted out to incrementally increase the range to the desired level of gain. Thus, while 
additional capacitor Cdown can be configured to decrease the range to a level below 
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reference voltage Vref, the range can be suitably incremented by shifting out capacitance 
Cup to incrementally increase the range back to reference voltage Vref- 

[0034] For illustrative purposes, the capacitance shifted out of the total capacitance can be 

designated as capacitor Cup. If the gain resulting from capacitor C/4 being shifted out is also 
not acceptable, then CDAC circuit 300 can be configured not to sample on one or more other 
capacitors C to C/2 15 on a part-by-part basis until the desired level of gain is achieved. In 
other words, a binary search for the appropriate combination of capacitors C to C/2 15 to 
sample can be selected to achieve the desired level of gain. 

[0035] The range of CDAC circuit 300 can be represented by the equation: 

0 < Vsample < (2 * C * Vref) / (2 * C - C UP + C DO wn) 

[0036] Wherein C is the value of the MSB capacitor, and 2 * C represents the total capacitance of 
CDAC circuit 300 (excluding additional capacitor Cdown)- As can be realized, for a 
conventional CDAC circuit 300 having no additional capacitor Cdown and no capacitance 
Cup being shifted out, the range would be between 0 and reference voltage V REF ; for CDAC 
circuit 300 having an additional capacitor Cdown and no capacitance Cup being shifted out, 
the range would be between zero volts and some voltage less than reference voltage Vref; 
and for CDAC circuit 300 having an additional capacitor Cdown and capacitance C UP being 
incrementally shifted out, the range could be incrementally varied between zero volts and 
approximately reference voltage Vref- Thus, in effect, sampling with additional capacitor 
Cdown can provide a "course" adjustment, and shifting out capacitance Cup can provide a 
"fine" adjustment. 

[0037] Accordingly, through connecting additional capacitor Cdown to ground during 

conversion to decrease the range, and with and without sampling on all capacitors C to C/2 15 , 
i.e., changing the amount of capacitance Cup shifted out of the total capacitance to increase 
the range, the positive full-scale range can be suitably adjusted. Further, increasing and 
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decreasing the range to a desired level can adjust the gain of CDAC circuit 300 to a desired 
level, thus correcting any errors in gain due to process variations. 

[0038] While CDAC circuit 300 can be configured with additional capacitor Cdown 

connected by switch Sdown between sampling voltage Vsample and ground, CDAC circuit 
300 can also be configured with additional capacitor Cdown connected by switch Sdown 
between sampling voltage Vsample and reference voltage Vref- Thus, instead of pulling 
charge out, additional capacitor Cdown can pump charge back into CDAC circuit 300. As a 
result, additional capacitor Cdown can also be configured for changing the negative end of 
the range. In other words, only the minus full scale range is adjusted, with the positive end 
of the range remaining at approximately reference voltage Vref- 

[0039] Thus, connecting additional capacitor Cdown to ground adjusts the upper end of the 

range, e.g., the range from zero up to reference voltage Vref plus or minus some adjustment 
levels. On the other hand, connecting additional capacitor Cdown to reference voltage V RE f 
adjusts the lower end of the range, e.g., the range from zero plus or minus some adjustment 
levels up to reference voltage Vref- Accordingly, CDAC circuit 300 can be suitably 
configured in various manners for connecting additional capacitor Cdown to ground or 
reference voltage Vref during conversion, and for shifting capacitance Cup shifted out of the 
total capacitance such that the upper or lower ends of the full scale range can be suitably 
adjusted. Further, increasing and decreasing the range to a desired level can adjust the gain 
of CDAC circuit 300 to a desired level, thus correcting any errors in gain due to process 
variations. 

[0040] While the positive array of an exemplary CDAC circuit can be trimmed for gain 

correction, in accordance with another aspect of the present invention, the negative side of 
the CDAC circuit can be trimmed for offset correction. For currently available CDAC 
circuits, the negative side of the CDAC circuit generally does not participate in the 
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conversion process. Instead, the negative side of the CDAC circuit serves to establish 
internal bias levels, and in particular the level of voltage that the positive CDAC circuit will 
converge to during the conversion process. For example, with reference to Figure 4A, 
during sampling of the entire negative side of the CDAC circuit (as represented by a circuit 
comprising a capacitor 2C), a switch S PN can connect capacitor 2C between pedestal voltage 
Vpedestal and ground. During conversion, with reference to Figure 4B, a node 402 
previously connected by switch S PN to V PED estal is allowed to float. As a result, a fixed 
voltage is established on the negative side ideally equal to Vpedestal- 

[0041] Thus, during sampling of this exemplary circuit, the entire capacitance 2C is 

sampled. During conversion, the negative side realizes some fixed level of offset voltage. 
However, the amount of voltage is not necessarily consistent with the amount of offset 
correction desired due to non-ideal effects such as parasitic capacitance, charge injection and 
others. For example, with reference to Figure 5, during conversion the voltage on the 
positive side of the CDAC circuit converges to the fixed voltage established on the negative 
side. Unfortunately, due to the non-ideal effects above, the CDAC circuit converges to a 
wrong voltage resulting in an offset error. 

[0042] However, in accordance with another aspect of the present invention, to facilitate 

offset correction, an exemplary CDAC circuit comprises a negative side having a capacitor 
array, wherein the CDAC circuit is configured to provide a desired amount of offset voltage 
through sampling of various of some of the capacitance in the negative side to a reference 
voltage, and sampling a remainder of the capacitance in the negative side to ground. For 
example, with reference to Figure 6, an exemplary negative side of a CDAC circuit 600 can 
comprise an N-bit capacitor array including capacitors C n to C n /2 N_1 , having a total 
capacitance of 2 C n . Offset trimming can be achieved by sampling some of capacitors C n to 
Cn/2 N_I to reference voltage V REF , e.g., capacitors C n , C n and C n /2 N ~\ while sampling one or 
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more other capacitors, e.g., capacitor C„/4, to ground. During conversion, all C n to C n /2 N * 1 
are connected to ground. As result, the amount of capacitance that samples reference voltage 
Vref controls the amount of offset voltage. In other words, the voltage offset can be realized 
by the equation: 

Voffset — Crefsamp * Vref / (2 * C n ) 

[0043] wherein capacitance Crefsamp represents the amount of capacitance that samples reference 
voltage Vref, i.e., the total capacitance 2 C n less the amount of capacitance that is connected 
to ground during sampling. 

[0044] Thus, rather than simply converging to a fixed offset voltage, the overall CDAC 

circuit will suitably converge to a particular offset voltage as determined by the negative 
side. In other words, the overall CDAC circuit will suitably converge to a desired offset 
voltage as determined by the amount of capacitance that sample reference voltage Vref- The 
amount of capacitance that samples reference voltage Vref can be suitably selected similarly 
to the iterative process for incrementally shifting out capacitance Cup of CDAC circuit 300, 
i.e., determine the offset, and then increase or decrease the amount of capacitance that 
samples reference voltage Vref to further increase or decrease the amount of offset voltage 
Voffset until a desired level of voltage offset is achieved. As a result, by implementing a 
desired offset voltage into the CDAC circuit, any offset errors due to process variations, 
layout parasitic characteristics or charge injections can be suitably corrected on a part-by- 
part basis. In addition, the negative full scale range can be suitably adjusted to a desired 
lower level. 

[0045] As discussed above, it may be advantageous in some instances for pedestal voltage 

Vpedestal to comprise a value centered approximately between the positive and negative 
supplies to optimize biasing of other circuit components, such as the comparator. In 
accordance with another exemplary embodiment, any error created by the non-ground 
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pedestal voltage V PED estal for use with the positive side of CDAC circuit 300 can be 
corrected by the negative side of CDAC circuit 600. For example, an analog-to-digital 
converter (ADC) can convert the signal sampled on the positive side of CDAC circuit 300 
minus the signal sampled on the negative side of CDAC circuit 600. Since both sampled 
signals include pedestal voltage V PEDE stal, any non-zero pedestal voltage V PE destal signal 
is suitably cancelled out, leaving the converted signal to be voltage V PO sitive minus voltage 
Vnegative. As a result, pedestal voltage V PED estal can be suitably selected to optimize 
various circuit components without affecting the integrity of the sampled voltage. 

[0046] While the amount of capacitance that samples reference voltage V REF can be realized 

from within those selected among capacitors C n to C n /2 N_1 , the amount of capacitance that 
samples reference voltage V RE f can also be realized from an additional capacitance. For 
example, with reference to a negative side of a CDAC circuit 700, an additional capacitance 
Caddsamp can be included with negative side of CDAC circuit 700, e.g., in a manner similar 
to additional capacitance Cdown added to CDAC circuit 300. Accordingly, bi-directional 
adjustment of offset voltage Voffset can be achieved. 

[0047] An exemplary CDAC circuit may be implemented within a wide variety of analog- 

to-digital converter (ADC) applications. For example, with reference to Figure 13, in 
accordance with an exemplary embodiment, an exemplary ADC circuit 1300 can comprise a 
CDAC circuit 1302 configured with a clock 1304, a successive approximation register 
(SAR) and control logic 1306, and a comparator 1308 for facilitating analog-to-digital 
conversion of an input signal VWut- ADC circuit 1300 can also comprise various latches 
and drivers 1310, buffers 1314 and or internal reference signals 1316. ADC circuit 1300 is 
merely one exemplary embodiment, and an exemplary CDAC circuit configured for gain 
and/or offset correction can be configured in any ADC circuit arrangement, now known or 
hereinafter devised. 
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An exemplary CDAC circuit can also comprise various other components and 
devices in addition to the capacitor array circuits on the positive and/or negative sides of the 
CDAC circuit. For example, with reference to Figures 8A and 8B, an exemplary CDAC 
circuit 800 configured for both gain and offset correction within an ADC circuit can 
comprise both a positive side CDAC circuit 802 and a negative side CDAC circuit 804 are 
illustrated. Positive side circuit 802 includes a positive capacitor array 806 and positive 
switch circuit 808, while negative side circuit 804 includes a negative capacitor array 810 
and negative switch circuit 812. Positive capacitor array 806 comprises an additional 
capacitor CDOWN configured to facilitating adjustment of the range to a desired level to 
suitably control the gain of CDAC circuit 800. Although the exemplary embodiment 
includes both gain and offset correction, CDAC circuit 800 could also comprise only one of 
gain correction or offset correction. 

In addition, CDAC circuit 800 can also comprise a pedestal switch circuit 814 
comprising one or more pedestal switches to facilitate sampling of CDAC circuit 800 
relative to a known second voltage, V PE destal. Pedestal switch circuit 814 can comprise 
various configurations, now known or hereinafter devised, for providing switching functions. 

Positive switch circuit 808 and negative switch circuit 812 can be configured in 
various manners for facilitating switching operation of capacitor arrays 806 and 810, 
respectively. For example, with reference to Figures 9A and 9B, a positive switch circuit 
900 can comprise a plurality of switch modules 902 configured for coupling through a 
plurality of switching transistors 906 to corresponding capacitors of capacitor array 806. For 
control of operation, positive switch circuit 900 can comprise one or more control logic 
modules 904 coupled to plurality of switch modules 902. Likewise, with reference to 
Figures 11A and 11B, a negative switch circuit 1100 can comprise a plurality of switch 
modules 1102 configured for coupling through a plurality of switching transistors 1106 to 
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corresponding capacitors of capacitor array 810. For control of operation, positive switch 
circuit 1100 can comprise one or more control logic modules 1104 coupled to plurality of 
switch modules 1 102. 

[0051] Switch modules 902 and 1102 can comprise any switching configuration, now 

known or hereinafter devised for facilitating switching of capacitor arrays. In addition, 
control logic modules 904 and 1 104 can also be configured in various manners for providing 
operating logic for control of switching operation of switch modules 902 and 1102. For 
example, with reference to Figures 10 and 12, control logic module 1000 for control of one 
or more switch modules 902 and control logic module 1100 for control of one or more 
switch modules 1 102 can comprise a plurality of logic devices, e.g., inverters, AND/NAND 
gates, exclusive OR gates (XOR) or any other like logic devices, with and without additional 
switching transistors, to provide control of switching modules 902 and 1102, respectively. 
Further, control logic modules 1000 and 1 100 can comprise any logic combination, and any 
number of logic devices, for control of switch modules 902 and 1 102. 

[0052] In accordance with an exemplary embodiment, to facilitate a smoother switching 

operation and to minimize potential distortion caused by operation of positive switch circuit 
808, CDAC circuit 800 can also comprise a bootstrap module 820. Bootstrap module 820 is 
configured to maintain constant the gate-source voltage V G s on switching transistors with a 
varying signal, thus keeping the impedance of the switching transistors constant. 
Bootstrapping module 820 can comprise a single module coupled to switch circuit 808, 
and/or through a plurality of modules coupled to switch modules 902, such as switching 
transistors 906 within positive switching module 900. For example, with additional 
reference to Figure 10, bootstrapping module 820 can regulate a voltage signal VBSTRP to 
regulate an on-state voltage of output signal "bstrp_nch" that control n-channel switching 
transistors 906, e.g., when bootstrapping module 820 is turned off, output signal "bstrpnch" 
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is at a ground condition, thus driving n-channel switching transistors 906 to be turned off 
Moreover, bootstrapping module 820 can comprise any circuit or device, now known or 
hereinafter devised, for providing bootstrapping functions for switch circuit 808. 
[0053] The present invention has been described above with reference to various exemplary 

embodiments. However, those skilled in the art will recognize that changes and 
modifications may be made to the exemplary embodiments without departing from the scope 
of the present invention. For example, the various components may be implemented in 
alternate ways, such as, for example, by implementing JFET devices for the various 
switching devices. In addition, one or more additional stages may be included at the input or 
output of the second stage in accordance with various exemplary embodiments. Further, the 
various exemplary embodiments can be implemented with other types of operational 
amplifier circuits in addition to the circuits illustrated above. These alternatives can be 
suitably selected depending upon the particular application or in consideration of any 
number of factors associated with the operation of the system. Moreover, these and other 
changes or modifications are intended to be included within the scope of the present 
invention, as expressed in the following claims. 
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